INTRODUCTION {#sec1-1}
============

Historically, penetrating abdominal traumatic injuries mandated laparotomy to minimize the risk of missed injuries or diagnostic delays.\[[@ref1]\] However, more than 25% of patients undergoing traditional exploratory celiotomy had "negative laparotomies" while being at risk of multiple potential postoperative complications, including ileus, wound infection, bowel obstruction, cardiovascular morbidity, and even mortality.\[[@ref2]\] Laparoscopic surgery became popular in the 1980s, eventually finding its way into diagnostic and therapeutic "trauma laparoscopy" (TL) applications. Introduction of TL brought the promise of reducing the morbidity associated with negative laparotomies and to providing minimally invasive options for management of selected injuries in hemodynamically stable patients.\[[@ref3]\] Despite its minimally invasive character, TL carries a number of specific risks and associated complications.\[[Table 1](#T1){ref-type="table"}\] This article focuses on morbidity associated with both diagnostic and therapeutic laparoscopy in trauma, with a goal of providing a high-level overview of major complications described in the literature.

###### 

Overview of potential complications of laparoscopy in trauma

![](IJCIIS-5-196-g001)

INDICATIONS AND CONTRAINDICATIONS {#sec1-2}
=================================

Patients selected for diagnostic laparoscopy should not have indications for immediate laparotomy, such as hemodynamic instability, diffuse peritonitis, evisceration, or evidence of end-organ injury (e. g., hematuria, sanguineous nasogastric tube output, etc.).\[[@ref3][@ref4]\] Additional contraindication to TL is the high-risk patient who is unable to tolerate abdominal insufflation.\[[@ref5][@ref6]\] Conditions such as shock, "frozen abdomen",\[[@ref7]\] increased intracranial pressure, severe myopia, and/or retinal detachment also preclude patients as candidates for TL. Patients with uncorrected coagulopathy, hypovolemia, congestive heart failure or other conditions that may compromise cardiopulmonary status during laparoscopy likewise pose a relative contraindication.\[[@ref5][@ref6]\] Although clinical information regarding many of the above factors may be difficult to elicit during the initial trauma evaluation, it may prove highly useful if available prior to the operative intervention. Surgical judgment should ultimately be used to weigh the risks and benefits of TL. As with most invasive procedures, TL has been associated with complications including physiologic changes during peritoneal insufflation, access-related complications, subcutaneous emphysema (SE), pneumothroax, gas embolism, port site hernias, as well as injuries to diaphragm, blood vessels, omentum, viscera, and bladder.\[[@ref8][@ref9][@ref10][@ref11]\]

PATIENT SELECTION AND INDICATIONS FOR TRAUMA LAPAROSCOPY {#sec1-3}
========================================================

Injured patients selected for laparoscopic management must be hemodynamically stable and should not have any indications for immediate laparotomy, as discussed in previous sections of this review.\[[@ref3][@ref4]\] Low-energy penetrating injuries (e. g., stab wounds, low-velocity tangential gunshot wounds (GSWs)) constitute the most commonly accepted mechanisms for the initial consideration of TL. Studies have also examined the use of laparoscopy in hemodynamically stable patients with high-velocity penetrating injuries, including tangential GSWs.\[[@ref3][@ref4][@ref12]\] In terms of relevant anatomy, anterior abdominal penetrating injuries are said to be located in the area bordered by the costal margins superiorly, the inguinal ligaments inferiorly, and the anterior axillary lines laterally. The thoracoabdominal region is defined as the area bordered by the nipple line across the anterior and posterior chest, the costal margin inferiorly, and the spine and sternum medially. Finally, bilateral flanks constitute the areas between the hypochondrium and the iliac region, beyond the lateral-most aspect of the thoracoabdominal boundaries outlined above.

TL as a management strategy in hemodynamically stable patients with penetrating injuries is commonly utilized in the setting of left thoracoabdominal trauma, the possibility of full thickness abdominal wall penetration, suspected hollow viscus injury, and scenarios involving high probability of diaphragm injury.\[[@ref13]\] In blunt trauma, the suspicion of significant intra-abdominal injury in a hemodynamically stable patient can also be considered an indication for diagnostic and/or therapeutic laparoscopy in carefully selected cases (e. g., suspected diaphragm or hollow viscus injury).

TL has reduced the number of unnecessary laparotomies.\[[@ref4][@ref14][@ref15]\] During TL, the abdomen is evaluated for peritoneal penetration, hollow viscus and/or solid organ injury, as well as for diaphragm injury. Patient position may be adjusted depending on the need for visualization of specific abdominal structures (e. g., diaphragm is easier to visualize in reverse Trendelenburg positioning). The stomach, small bowel, colon and rectum are inspected for hollow viscous injury, contusions, bleeding/contusion, and mesenteric injury. Small bowel should be inspected from the ligament of Treitz to the ileocecal valve using specialized bowel graspers. Here, short segments (approximately 5--10 cm at a tune) are "lifted" and examined in detail, including visual inspection of the accessible mesentery and bowel. The entire laparoscopically "accessible" colon should then be evaluated from cecum to rectum. The inframesocolic space, supramesocolic space, liver, gallbladder, Morison\'s pouch, and spleen should be evaluated as well.\[[@ref16]\] Finally, the gastrocolic ligament can be entered to examine the lesser sac and to better visualize the posterior stomach and pancreas. Laparoscopic visualization of surgically correctable intra-abdominal injuries, significant hemoperitoneum, the presence of bile or intestinal contents should all prompt the surgeon to immediately deploy appropriate therapeutic surgical options.

TL has been especially helpful in ruling out of diaphragmatic injuries without the need for formal celiotomy.\[[@ref4][@ref14]\] In selected cases, diaphragm repairs can also be carried out laparoscopically.\[[@ref12]\]. It has been proposed that TL may be most beneficial in the setting of penetrating left thoracoabdominal trauma in a hemodynamically stable patient.\[[@ref13]\] In a study by Ivatury *et al*.,\[[@ref17]\] TL was \>88% accurate in diagnosing diaphragm injuries and 100% sensitive in identifying hemoperitoneum. The authors concluded that TL is useful in identifying hemoperitoneum, solid organ injuries, retroperitoneal hematomas and diaphragm injuries.\[[@ref17]\]

Murray *et al*.,\[[@ref12]\] completed a prospective study of 110 hemodynamically stable patients with left-sided thoracoabdominal penetrating injuries, of whom 24% were found to have diaphragm injuries and \>95% had one or more associated injuries. Most cases were converted to laparotomy for definitive surgical repair; however, four patients underwent laparoscopic diaphragm repair.\[[@ref12]\] Five patients without diaphragm injury underwent laparotomy secondary to adhesions, inadequate visualization, and hemoperitoneum; in this group, no additional injuries were identified. Of note, 62% patients in that study with diaphragm injuries had normal initial chest imaging.\[[@ref12]\] Friese *et al*.,\[[@ref14]\] prospectively studied 34 hemodynamically stable patients with thoracoabdominal injuries. All 34 underwent initial TL, followed by laparotomy or thoracotomy. In that series, TL identified seven out of eight diaphragm injuries, with the single missed injury occurring in a setting of GSW with a concurrent splenic injury and hemoperitoneum leading to inadequate diaphragm visualization.\[[@ref14]\]

Sosa *et al*.,\[[@ref4]\] prospectively studied laparoscopy in 121 hemodynamically stable patients with abdominal GSWs and no overt peritoneal penetration. Sixty-five percent of these patients had negative TLs thereby avoiding unnecessary laparotomies.\[[@ref4]\] In another study, Zantut *et al*.,\[[@ref3]\] studied 510 patients who underwent TL for penetrating abdominal trauma, including 316 stab wounds and 194 gunshot wounds. Criteria for conversion to laparotomy included injuries requiring surgical repair, GSWs that penetrated the peritoneum, significant hemoperitoneum, and high suspicion for bowel injury.\[[@ref3]\] Of the 510 patients, 54% did not have peritoneal penetration or other indication for laparotomy. Twenty-nine of those patients underwent therapeutic laparoscopies with repairs, 16 of those patients had laparoscopic diaphragm repairs, with all having uneventful and uncomplicated recoveries.\[[@ref3]\] Complications secondary to laparoscopy occurred in 10 patients including trocar injuries and pneumothoraces. Of the 46% of patients who underwent laparotomy, 25% were not therapeutic, but were completed to rule out bowel injury. Therapeutic laparotomies were completed in 75% of patients, of whom 15 had unsuspected bowel injuries and four had unsuspected vascular injuries. The authors concluded that TL (a) may decrease unnecessary laparotomies with careful patient selection; (b) is accurate in determining peritoneal penetration; and (c) helps identify diaphragmatic, splenic, and hepatic injuries. They also concluded that if suspected bowel perforation cannot be ruled out, laparotomy should be performed.\[[@ref3]\]

Kawahara *et al*.,\[[@ref16]\] studied 75 hemodynamically stable patients undergoing TL for tangential penetrating abdominal trauma. Indications for conversion to laparotomy included small bowel injury or lesions involving the so-called "blind spots", such as the retroperitoneum, segments VI and VII of the liver, or the posterior spleen. There were 37 non-therapeutic TLs and 17 therapeutic TLs, indicating that over 73% of potential laparotomies may have been avoided.\[[@ref16]\]

EQUIPMENT MALFUNCTION AND FAILURE {#sec1-4}
=================================

Although infrequent, laparoscopic equipment malfunction or failure can produce unacceptable delays in critical situations that involve potentially life-threatening injury. Examples of potentially correctable equipment-related problems may include inadequate supply of insufflation gas, damaged laparoscopic light source/fiberoptic conduit, faulty camera, other instrument malfunction, or any software-related issues (as applicable). If the problem occurs during the setup phase or at the beginning of the case, and can be resolved quickly and definitively, the procedure should continue laparoscopically. If the malfunction cannot be readily corrected, then one should consider proceeding with an open procedure without undue delays.

If the problem occurs in the midst of an operation, a prompt decision regarding potential conversion to an open procedure must be made by the operating surgeon. Such decision should be guided by factors including patient safety, hemodynamic stability, any ongoing critical operative steps, and the estimated time required to remedy the problem at hand. In a stable patient without active bleeding or another immediately life-threatening indication, a short delay may be acceptable. Otherwise, again, a conversion to an open procedure should be performed.

COMPLICATIONS OF GAS INSUFFLATION {#sec1-5}
=================================

Physiologic sequelae of gas insufflation include impaired venous return capnothorax, pneumomediastinum, venous gas embolism (VGE), and SE.\[[@ref18]\] These events usually improve with time but may require urgent decompression. Gas insufflation increases intra-abdominal pressure, thereby potentially affecting venous return. Intra-abdominal hypertension, in turn, can lead to hemodynamic changes including bradycardia and hypotension, which may compound pre-operative intra-vascular depletion following additional traumatic injuries.\[[@ref7][@ref19]\]

Cardiovascular complications related to gas insufflation include bradyarrhythmias due to peritoneal stretch receptor mediated stimulation of vagal nerves during pneumoperitoneum.\[[@ref20]\] Immediate release of pneumoperitoneum usually corrects the problem. Additionally, pneumoperitoneum and reverse Trendelenburg position may impair venous return to the heart and decrease cardiac output. Initial establishment of pneumoperitoneum should occur at a slow rate, with the patient in a supine/flat position. If the patient becomes hypotensive or hemodynamically unstable during any part of the procedure, pneumoperitoneum should be released and patient returned to a neutral/flat position or even placed in Trendelenburg position. In rare cases, the laparoscopic approach may need to be aborted, depending on the operative stage of the procedure.

ACCESS-RELATED COMPLICATIONS {#sec1-6}
============================

The majority of access-related complications occur at the time of abdominal entry.\[[@ref21]\] There are varied access techniques for peritoneal entry such as the open (Hasson) method, the Veress needle (VN) technique, direct trocar insertion (DTI), and hybrid forms of entry.\[[@ref22][@ref23]\] All of these techniques can be associated with specific complications, including injury to abdominal wall or intra-abdominal vessels, visceral injury, solid organ (e. g., liver or spleen) injury, bladder injury, and failed peritoneal entry.\[[@ref10][@ref24][@ref25][@ref26][@ref27]\] Although rare, the sequelae of such complications include hemorrhage, peritonitis, multiple system organ failure, and death.\[[@ref10][@ref24][@ref25][@ref26][@ref27][@ref28]\] Risk factors for access-related complications include obesity, thin body habitus, and anticoagulation.\[[@ref21][@ref27]\] While the Hasson, VN, and DTI techniques are the most common methods of entry, other devices and techniques do exist such as optical trocars, optical VN insertion, radial expanding access devices, and endoscopic threaded ports.\[[@ref29][@ref30][@ref31]\] An example of a large trocar-associated abdominal wall hematoma can be seen in [Figure 1](#F1){ref-type="fig"}.

![Large left-sided anterior abdominal wall hemorrhage with associated large intramuscular hematoma. This complication was attributed to a forceful placement of a left lower quadrant trocar](IJCIIS-5-196-g002){#F1}

LAPAROSCOPY FOLLOWING PREVIOUS ABDOMINAL PROCEDURES {#sec1-7}
===================================================

Despite the presence of adhesions, prior abdominal surgery does not appear to affect the rate of major complications such as bowel and vascular injuries during laparoscopic port placement.\[[@ref32][@ref33]\] Having said that, port placement may be more difficult in such patients.\[[@ref34]\] A comparison of laparoscopic procedures between 368 individuals without prior abdominal surgery to 109 patients with previous abdominal operations revealed that previous surgery was associated with a failure to achieve pneumoperitoneum in 13/109 (12%), subcostal insertion of ports in 17/109 (16%), and omental emphysema in 12/109 (11%) patients while none of these events occurred in those without previous operations.\[[@ref35]\]

DIAPHRAGM INJURY {#sec1-8}
================

Diaphragm injury during TL is rare. In a series of 1,850 patients undergoing laparoscopic procedures, seven (0.4%) sustained a diaphragmatic injury.\[[@ref36]\] One injury occurred during trocar insertion, another during liver retraction, and five resulted from electrocautery.\[[@ref36]\] In another study of patients undergoing renal procedures, there were 10/1,765 (0.6%) incidents of diaphragm injury, including two cases related to trocar insertion and the rest attributed to mobilization of adjacent structures such as the liver, spleen, or ascending colon.\[[@ref37]\] Overt diaphragmatic injuries can be identified by direct visualization, while less conspicuous injuries may be suggested by the presence of diaphragmatic billowing under decreased pneumoperitoneum (floppy diaphragm sign).\[[@ref38]\] Diminished breath sounds, decreased arterial oxygen saturation, increased airway pressure, and elevated end-tidal CO~2~ may also be suggestive of diaphragmatic injury with concomitant pneumothorax.\[[@ref36][@ref38]\]

Thoracostomy tube placement is indicated if hemodynamic instability ensues or a large pneumothroax (\>20% hemithorax volume) is evident.\[[@ref39][@ref40]\] However, most patients are hemodynamically stable and a chest tube is usually not warranted.\[[@ref38][@ref41]\] Such patients may safely tolerate a laparoscopic repair with primary closure or mesh reconstruction of the defect following the evacuation of the pleural air (via forced expiration or using a suction catheter).\[[@ref36][@ref42][@ref43]\] The repair is usually performed under lower pneumoperitoneum levels (10 mm Hg or less) and can be safely deferred to the end of the case, as long as the patient remains hemodynamically stable.\[[@ref36][@ref37]\] Injuries involving the esophageal hiatus, those anterior to the esophageal hiatus, and those extending toward the pericardium have higher conversion rates. Chest tube is not usually necessary following repair because any residual capnothorax will likely resolve on its own.\[[@ref38]\]

SUBCUTANEOUS EMPHYSEMA {#sec1-9}
======================

Clinically significant SE occurs in approximately 0.3--3.0% of cases.\[[@ref10][@ref44]\] Risks factors include older age, higher insufflation pressures, high flow rates of gas, low body mass index (\<25), greater than three ports, operative time \>3 hours, poor trocar placement, peritoneal insufflation, and failure of anesthesia equipment such as one-way valves in breathing circuits.\[[@ref45]\] SE should be suspected if end-tidal carbon dioxide (CO~2~) increases \>25% above baseline, increases \>30 minutes after abdominal insufflation, or CO~2~ levels rise to \>50 mm Hg.\[[@ref11][@ref46]\] However, this can be corrected by the use of mechanical ventilation.\[[@ref47]\] SE may be associated with pneumomediastinum or pneumothrorax by the subcutaneous dissection of CO~2~ through the pre-fascial planes. Conversely, pneumomediastinum or pneumothorax may also lead to SE. Notably, SE in the neck and upper airway may lead to a potentially life-threatening airway obstruction. Nonetheless, the presence of higher end-tidal CO~2~ should not negate prompt extubation, provided that all other appropriate criteria are met. SE typically resolves in hours to days. Lowering the intra-abdominal pressure from 12 mmHg to 10 mmHg can substantially reduce the occurrence of SE while maintaining sufficient operating conditions.\[[@ref46]\]

PNEUMOTHORAX {#sec1-10}
============

Pneumothorax associated with laparoscopy can be unilateral or bilateral. The resultant decrease in lung compliance may cause hypercarbia, hypoxemia, and hemodynamic instability, potentially requiring urgent intervention.\[[@ref48][@ref49][@ref50]\] The mechanism of a CO~2~ -related pneumothorax during laparoscopy is from direct perforation of the diaphragm, congenital diaphragmatic defects, tearing of the diaphragm from high insufflation pressures, ruptured bullae, and diffusion of gas into the retroperitoneum that tracks into the pleural space.\[[@ref48][@ref51]\] The diagnosis of CO~2~ -related pneumothorax includes the elements of: (a) sudden increase in end-tidal CO~2~; (b) decrease in lung compliance; (c) floppy/bulging diaphragm; and (d) increase in peak inspiratory pressures.\[[@ref48][@ref49]\] The treatment is controversial, and may not always require needle decompression or chest tube insertion. CO~2~ induced pneumothorax may resolve on its own within several hours, whereas rupture of pre-existing bullae will not resolve spontaneously. Pneumothoraces associated with intraoperative use of CO~2~ may necessitate conversion to an open procedure and placement of a thoracostomy tube. Proper use of laparoscopic instruments, limiting insufflation pressures to as close to 10 mm Hg as possible, and keeping vigilance on airway pressures and end-tidal CO~2~ will help limit the occurrence of a pneumothorax during laparoscopy, and facilitate prompt intervention if necessary. An example of post-TL pneumothorax is shown in [Figure 2](#F2){ref-type="fig"}.

![An example of right-sided tension pneumothorax following non-therapeutic diagnostic laparoscopy for a stab wound to right upper quadrant. Although this finding may also be due to pre-existing small pneumothorax exacerbated by positive-pressure ventilation and/or pneumoperitoneum intraoperatively, the pneumothorax was not seen on earlier imaging obtained after an uneventful placement of the right subclavian central venous catheter, prior to the laparoscopic procedure](IJCIIS-5-196-g003){#F2}

GAS EMBOLISM {#sec1-11}
============

A potentially life-threatening complication of laparoscopy is VGE, which can occur rapidly or gradually through an incremental accretion of gas within the circulatory system.\[[@ref18]\] Clinically apparent VGE is very rare, and it has been estimated that one clinically significant event occurs for each 63,845 laparoscopic cases.\[[@ref52]\] However, utilizing trans-esophageal echocardiography, gas emboli were identified intraoperatively in nearly 70% of elective laparoscopic cholecystectomy cases, although no physiological effects were noted.\[[@ref52][@ref53]\] Infusion of gas can be fatal at approximately 200-300 mL in an adult.\[[@ref54]\] The gas embolizes and accumulates in the pulmonary outflow tract of the right heart, effectively interrupting cardiac output. Most often, this occurs during initial insufflation.\[[@ref55]\]

Clinical signs range from a characteristic "mill wheel murmur", cardiac arrhythmias, elevated central venous pressure, a decreased end-tidal CO~2~, hypercapnia and hypoxemia to fulminant cardiovascular collapse.\[[@ref54][@ref55]\] Clinically significant embolisms can be identified by capnographic changes, but echocardiography, especially trans-esophageal echocardiography remains the most sensitive test for VGE in the heart.\[[@ref53][@ref56]\] If VGE is suspected, the procedure should be immediately halted, pneumoperitoneum should be released, and the abdominal cavity flushed with irrigation fluid to halt the direct intake of gas into susceptible vessels.\[[@ref18]\] The patient should be placed in either the left lateral decubitus position with the head sharply down or the Trendelenburg position to move air away from the cardiac outflow tract.\[[@ref18][@ref52]\] A central line should be inserted and air aspirated to remove the mechanical obstruction.\[[@ref18][@ref52][@ref53][@ref55]\] Inotropes and aggressive fluid resuscitation may be necessary to support cardiac output. Room air, xenon, helium, nitrogen and CO~2~ have all been used for insufflation, but CO~2~ is the most commonly utilized gas as it is inert, non-combustible and highly soluble.\[[@ref52][@ref57]\] This solubility confers a lower risk of embolism, as CO~2~ has an ability to dissolve into the blood before reaching a point of saturation.

VASCULAR INJURY {#sec1-12}
===============

Hemorrhagic complications during laparoscopy are infrequent but can be potentially devastating. Even more importantly, active hemorrhage may predispose the surgeon to perform emergency hemostatic or life-saving maneuvers that may increase the risk of injury to other organs and surrounding structures. Vascular injuries occur in about 0.3% of laparoscopic cases,\[[@ref58]\] with one out of 328 cases in a major series developing intra-operative hemorrhage.\[[@ref59]\] Specific sources of hemorrhage are discussed below.

Hemorrhage at the port site has been reported in approximately 0.7% of laparoscopic cases and is usually related to the insertion of secondary trocars.\[[@ref9]\] Safe entry into the abdomen should be either in the midline or away from the epigastric artery to avoid injury.\[[@ref60]\] After initial entry, injury to the epigastric vessel may occur during subsequent port placement, despite proper trans-illumination and direct visualization.\[[@ref25]\] Bleeding may not be apparent initially as the trocar itself may provide local tamponade of the abdominal wall. Therefore, visualization after both insertion and removal of the trocar is essential.\[[@ref61]\] If hemorrhage occurs, hemostasis can be achieved by a combination of direct pressure/tamponade, electrocautery, or directed suture ligation.\[[@ref9]\]

Intra-abdominal hemorrhage attributed to major vessel injury is associated with mortality of approximately 15%.\[[@ref25]\] Mesenteric, omental, and retroperitoneal vessels are all susceptible to injury.\[[@ref61]\] The common iliac vein is the most frequently injured major vessel, followed by greater omental vessels, the inferior vena cava, and aorta.\[[@ref62]\] Rates of major vascular injuries can range from 0.05--0.50%, with vast majority occurring during the initial steps of accessing the peritoneal cavity.\[[@ref63]\] In a review of 14,243 laparoscopic cases, major bleeding occurred in 12 procedures with 6/12 (50%) requiring blood transfusion and all cases necessitated an open laparotomy for suture or prosthetic repair of the injured vessel.\[[@ref61]\] In a series of 361 reoperative laparoscopic surgery, 15/361 cases were complicated by omental bleeding.\[[@ref64]\] An expanding omental hematoma was noted in 6/15 cases while active bleeding was present in the remainder.\[[@ref64]\] In each scenario, the omental hemorrhage was successfully controlled laparoscopically using electrocautery.\[[@ref64]\] Management of retroperitoneal hematomas from laparoscopy-related injuries follows the same algorithm as penetrating abdominal trauma. Zone I (midline retroperitoneum) hematomas should always be explored and injuries repaired.\[[@ref65]\] Zone II (bilateral upper lateral retroperitonum) and Zone III (pelvic retroperitoneum) hematomas can be managed without exploration if the hematoma is nonexpanding and the patient is hemodynamically stable. Computed tomography scans can be obtained to follow the injury postoperatively, and endovascular embolization may be an option if hemorrhage continues in a stable patient.

OMENTAL INJURY {#sec1-13}
==============

Omental injuries occur in as many as 1.6% of laparoscopic cases,\[[@ref9][@ref34]\] and usually result from loss of insufflation, suboptimal neuromuscular blockade, adhesions, and/or accessory trocars. Omental injuries may occur at any stage of the procedure (e. g., abdominal access, insufflation, and closure). The rate of omental injury with the VN is higher than that compared to DTI.\[[@ref66]\] Excessive movement of a VN upon insertion can enlarge a small puncture injury.\[[@ref31]\] Following trocar placement and insufflation, the trocar may slip into the omentum and result in omental emphysema. Omental emphysema resolves spontaneously upon desufflation and removal of the insufflation needle or trocar from the omentum.\[[@ref67]\] Finally, omental herniation can occur during port removal and result in omental incorporation into the fascial closure.\[[@ref68]\] As such, it may be recommended to deflate the peritoneal cavity prior to removing laparoscopic ports. Most omental injuries do not require open repair. Minimal bleeding can be controlled via laparoscopic fulguration or suture ligation.\[[@ref67]\] Stable hematomas can be observed, while expanding hematomas and major bleeding are rare but may necessitate exploration via laparotomy.\[[@ref67]\] An example of omental injury during TL procedure is shown in [Figure 3](#F3){ref-type="fig"}.

![Intraoperative photograph showing a puncture injury with active bleeding and hematoma of the omentum. The injury was caused by a Veress needle excursion in excess of the distance necessary to gain access to the peritoneum](IJCIIS-5-196-g004){#F3}

VISCERAL INJURY {#sec1-14}
===============

During laparoscopic access, the small bowel is injured relatively frequently, with an incidence of up to 0.5%.\[[@ref27][@ref63][@ref69]\] In a prospective study of 25,764 laparoscopic procedures, there were 29 gastrointestinal injuries resulting in 26 laparotomies.\[[@ref21]\] Of importance, up to half of bowel injuries go undiagnosed during surgery and lead to significant subsequent morbidity/mortality. A high index of suspicion is required to diagnose bowel injury intra- and post-operatively. Visceral injuries are commonly attributed to trocar insertion, direct mechanical instrument injury and electrocautery. A meta-analysis of 28 studies of open versus VN entry showed no significant difference in the rate of visceral injury.\[[@ref23]\] However, prior abdominal surgery and increased body-mass index were associated with increased rates of injury for both techniques.\[[@ref23]\] Abdominal entry in a quadrant away from prior surgery reduces the risk of injury due to abdominal wall adhesions. While entry technique does not appear to significantly affect injury rate, trocar-associated morbidity rate from visceral injuries is significantly lower for blunt compared to bladed trocars (0.2% versus 0.7%, respectively).\[[@ref70]\]

The treatment of direct mechanical injuries varies based on the extent of injury. A VN puncture can usually be repaired by a seromuscular "Lemberting" suture. If a full thickness injury involving \> 50% of the lumen is present, a segmental bowel resection should be performed. The exact magnitude of electrocautery-related injuries is difficult to determine because the external appearance of serosal burns may be misleading, and the resultant injury may evolve via lateral spread over a period of approximately 48 hours. Consequently, Wu *et al*.,\[[@ref71]\] recommend surgical bowel excision of up to 5 cm on each aspect of a full thickness electrocautery perforation so as to reduce the risk of secondary operations resulting from inadequate resection (and thus delayed perforation) in the setting of thermal injury. Early recognition and repair of iatrogenic visceral injury may reduce the associated morbidity.

BLADDER INJURIES {#sec1-15}
================

Bladder injury during laparoscopic surgery most often occurs upon insertion of a suprapubic trocar. Injuries related to VN and trocar placement are infrequent, ranging between 0.03% and 0.20% cases. Patients with prior abdominal surgeries and adhesions may be at increased risk of such injuries.\[[@ref72]\] A series of 14,234 patients undergoing laparoscopic surgery noted only one case of bladder injury.\[[@ref72]\] These findings were generally consistent with a different study of 2,650 laparoscopic surgeries where only one case of bladder injury was reported.\[[@ref73]\]

Although cosmetically appealing, placement of the trocar in the suprapubic hairline may be too low and create an unnecessary risk of injury to the bladder. The risk of bladder injury can be minimized by pre-operative urinary catheter insertion. Although minor bladder injuries can be managed with immediate suture repair and post-injury urinary catheter drainage, more extensive injuries require formal bladder repair, up to and including a laparotomy.\[[@ref26][@ref72][@ref73][@ref74][@ref75][@ref76]\] It is important to maintain a high index of suspicion for bladder injury in patients who exhibit signs of unexplained abdominal pain after a laparoscopic procedure.

PORT SITE HERNIAS {#sec1-16}
=================

The incidence of port site hernias varies from 0.74% to 1.7%.\[[@ref77][@ref78]\] The umbilical site \[[Figure 4](#F4){ref-type="fig"}\] is involved in nearly half of all hernias attributable to laparoscopic procedures, and most often includes bowel or omental content.\[[@ref9][@ref68][@ref77]\] Risk factors associated with port site hernias include advanced patient age, higher body mass index, pre-existing hernias, trocar type and diameter, infection, longer duration of surgery, and extension of the port site for specimen extraction.\[[@ref68][@ref77]\] Hernia rates do not differ significantly between open and closed insertion techniques.\[[@ref77]\] An example of a trocar site infection is shown in [Figure 5](#F5){ref-type="fig"}.

![Computed tomographic image showing a ventral incisional hernia (circled) originating at the peri-umbilical trocar site following laparoscopy](IJCIIS-5-196-g005){#F4}

![Surgical site infection (circled) at the right upper quadrant trocar site following laparoscopy](IJCIIS-5-196-g006){#F5}

Most port site hernias are asymptomatic and the average time to diagnosis is approximately nine months.\[[@ref77]\] These hernias may be divided into early and late sub-categories based on the time frame of presentation.\[[@ref68]\] Early port site hernias occur within two weeks of the operation through a dehisced fascial closure or persistent fascial defect.\[[@ref68]\] Early port site hernias are often Richter hernias, where only the anti-mesenteric portion of a small bowel segment becomes entrapped rather than the entire circumference of the bowel segment. Early port site hernias frequently result in bowel obstructions, therefore urgent intervention is more likely to be necessary for any hernia occurring within 14 days from the initial operation while late hernias can be repaired in an elective fashion.\[[@ref68]\] Late port site hernias occur beyond two weeks.\[[@ref68]\] While the peritoneum does not line the early hernia space, late hernias do contain a hernia sac of peritoneum thereby, resulting in intermittent symptoms through sliding of hernia contents in and out of the sac.

Once a port site hernia is discovered, it should be repaired to prevent obstruction and strangulation. Computer tomography and ultrasound evaluation are useful modalities for identifying hernias that may not be readily evident on physical examination.\[[@ref79]\] Generally, only fascial defects \>10 mm require closure, thus many surgeons opt not close defects left by 5 mm ports. Nonetheless, all port sites, regardless of size, are at some degree of risk for hernia formation.\[[@ref8][@ref80]\] Additionally, port sites over the liver are also frequently not closed under the assumption that contact with bowel is unlikely due to the liver obstructing the defect orifice; however, this is not a guarantee.

Pneumoperitoneum should be maintained during the closure to ensure that bowel is kept away from the port site and that the site is free of leaks.\[[@ref68]\] Prevention of incisional hernias can be accomplished through limited size and number of port incisions, dedicated closure of all incisions \>10 mm, removal of accessory ports under direct visualization, evacuation of pneumoperitoneum prior to port removal, and removal of the primary port and camera simultaneously to exclude entrapment of omentum or bowel.\[[@ref9]\]

INADEQUATE INJURY VISUALIZATION AND MISSED INJURY {#sec1-17}
=================================================

In diagnosing hollow viscus injuries, TL has been known to be less diagnostically reliable, with sensitivity of only 18%, negative predictive value of 83%, and specificity/positive predictive value of 100%.\[[@ref17]\] Consequently, the use of TL for diagnosing hollow viscous injury detection remains controversial and is believed to be very dependent on operator skills.\[[@ref13]\] Zantut and colleagues recommend that if bowel perforation cannot be confidently ruled out on TL, laparotomy should be performed.\[[@ref3]\] In one study, there were seven missed injuries in the TL group, all of which involved hollow viscus.\[[@ref17]\] Of additional importance, although the sensitivity of laparoscopy was 97% in the thoracoabdominal area, it was only 43% in the epigastric, flank, and lower quadrants.\[[@ref17]\] In another series, out of eight diaphragm injuries, TL missed one (12.5%), which occurred in a patient who sustained a gunshot wound with injury and hemoperitoneum preventing adequate visualization.\[[@ref14]\] In a study by Kawahara *et al*.,\[[@ref16]\] the only missed injury on TL was a pancreatic lesion that required a laparotomy. The authors hypothesized that the high rate of missed bowel injury in the past was secondary to using two laparoscopic port sites instead of three, and recommended that a standardized approach to TL not only reduces unnecessary laparotomies but can also more reliably rule out small bowel injury if the above three-port approach is utilized.\[[@ref16]\]

RETAINED SURGICAL ITEMS {#sec1-18}
=======================

Although reportedly less frequent in laparoscopic surgery, retained surgical items still occur. Prevention and intraoperative vigilance is critical to preventing these never-events.\[[@ref81]\] In addition to the pivotal role of good team coordination and communication,\[[@ref82]\] universal knowledge of factors that elevate risk of surgical items retention (intraoperative blood loss \>500 mL, longer duration of operation, \>1 sub-procedure, lack of surgical counts or incorrect surgical counts, unexpected intraoperative factors, multiple surgical teams) needs to be actively fostered.\[[@ref83]\]

CONCLUSIONS {#sec1-19}
===========

Laparoscopy is a safe and effective modality for diagnostic evaluation and management of penetrating traumatic injuries in select individuals. The widespread acceptance of laparoscopy in traumatic situations can blunt the sequelae associated with negative laparotomies. However, this increases the likelihood that trauma surgeons will encounter complications related to laparoscopy. We have highlighted laparoscopic-related complications including physiologic changes during gas insufflation, access-related complications, SE, pneumothroax, gas embolism, port site hernias, and specific injuries to diaphragm, blood vessels, omentum, viscera, and bladder. Knowledge of each of these entities is crucial to facilitate prevention where possible, expedite prompt diagnostic evaluation, and appropriate management. Maintaining comprehensive and exceptional levels of patient care will be upheld through understanding the risks associated with laparoscopy.
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